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ABSTRACT 
The proprioceptive neuromuscular facilitation technique of hold-
relax was applied at two positions in the range of motion of a straight 
leg raise in addition to the traditionally used point of limitation. 
Thirty normal subjects were randomly assigned to three groups: a point 
of limitation group, a midrange group, and a neutral group. With the 
pelvis stabilized, the technique was applied to the right lower extremity 
on all subjects for one treatment session only. Immediate pre and post-
test measurements of a straight leg raise were taken to determine if 
range of motion increased as a result of the treatment method. No sig-
nificant differences were found to exist between pre and posttest 
measurements for all three groups. 
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In the clinical setting a physical therapist often encounters 
patients with limitations of range of motion. In situations where 
active voluntary movem.ent is possible, a frequently used pro-
cedure to increase range of motion is the proprioceptive neuro-
. 1 
muscular facilitation (PNF) technique of hold-relax. Hold-
relax consists of a maximally resisted isometric ·contraction 
of an antagonistic pattern with the limb held at the point of 
limitation of joint range of motion. Following the cQntraction per~ 
iod, the limb is actively brought into a new range as the agonists 
contract and the antagonists relax. At this new point of limita-
tion, the procedure is repeated. The purpose of this study is to 
investigate whether range of motion can be increased following 
the application of the hold-relax technique at points in the 
range other than the traditionally used point of limitation: i.e. 
to apply the technique at sub-maximal points of a subject's avail-
able range. For patients with disabilities such as arthritis, 
burns, or "frozen shoulder" problems, treating them at the maxi-
mal point in their range may cause them to be in a position of 
discomfort. If an increase in range of motion from the hold-
relax technique can be gained without having to go to the maximal 
point in the range, then applying the technique at sub-maximal 
points in the range may be preferred. 
Previous studies on tight hamstrings have demonstrated that 
hold-relax is an effective technique for increasing range of motion: 
Tanigawa demonstrated that hold-relax was more effective than pas-
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sive mobilization2 and Markos demonstrated that hold-relax was 
more effective than using gravity alone to resist isometric con-
traction of the agonistic quadriceps. 3 Both of these studies 
applied the hold-relax technique at the point of limitation. In 
this study, the underlying hypothesis to be tested is that an 
increase in range will not be dependent upon where in the range 
the hold-relax technique is applied. The range of motion selected 
for study is the range available in an active straight leg raise 
(SLR) with the hamstrings considered to be the range limiting 
antagonists. 
METHOD 
Subjects 
Thirty normal subjects, 18 females and 12 males, with a mean 
age of 21 years volunteered to participate in this study. None 
had a history of neuromuscular pathology or orthopedic disability 
that would limit their lower extremity mobility and none could 
straight leg raise beyond 70° bilaterally. 
The subjects were randomly assigned to three groups: Group I 
had the technique applied at the point of limitation, Group II had 
the technique applied at a midrange position, and Group III had the 
technique applied at a neutral position of 0-5° of a straight leg raise. 
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Measurements 
Subjects were positioned on a plinth with the hips and knee 
extended. · The greater trochanter and lateral malleolus were pal-
pated and marked for measurement purposes. A strap was secured 
over the pelvis to decrease the amount of pelvic rotation and 
remained in place during the experiment. As described by pre-
i . i 2 ' 3 f . f t . ht 1 . v ous ~nvest gators, range o mot~on o a s ra~g eg ra~se 
was measured utilizing a plumb line to determine the distances 
for the following equation: 
distance from lateral malleolus to floor minus 
sine 9 = the distance from the. greater trochanter to the floor 
distance from greater trochanter to lateral malleolus 
As the subject actively elevated his leg, the contralateral limb 
was manually stabilized by an assistant to maintain the hip and 
knee in 0° of extension. 
PROCEDURE 
Each subject was seen for one treatment session only. For 
all subjects the right lower extremity was tested. Immediate 
pre and post-treatment measurements of the test extremity were 
taken according to the method described above. Two diagonal 
1 patterns of movement were used: hip extension, abduction, in-
ternal rotation, knee extension, foot plantar flexion and ever-
sian (diagonal 1); and hip extension, adduction, external rota-
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tion, knee extension, foot plantar flexion and inversion (diag-
onal 2). To eliminate variation in verbal cues and timing, 
tape recorded instructions were played for the subjects. For 
each group, half of the subjects received the technique first 
in the. diagonal 1 (D1) pattern and half received the technique 
first in the diagonal 2 (D2) pattern. 
Group I (Point of Limitation) 
Appropriate manual contacts to facilitate a n1 flexor pattern 
were applied by the examiner. The subject was given the following 
verbal commands: "Pull your foot up and in, turn your heel away 
and lift your leg up and across your body." When the subject 
indicated that he felt a pulling in his popliteal region, manual 
contacts were reversed as if to facilitate an extensor pattern. 
The subject was instructed to hold this position for 15 seconds: 
commands to "hold, hold it, don't let me lift you, keep holding," 
etc. were given throughout the entire 15 second contraction per-
iod in order to elicit a maximal contraction with a slow build 
up of tension. A relaxation period of 5 seconds followed the 
contraction. The subject was then instructed to hold for another 
15 seconds against a similarly applied resistance. The subject's 
leg was then passively moved by the examiner into the n2 pattern; 
the examiner did not lower the leg or move it into a new range 
when reversing the diagonal patterns. The procedure was then 
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repeated for the other diagonal pattern. After a second contraction 
in the n2 pattern, the subject actively lowered his leg to the plinth 
and the range of motion of an active straight leg was immediately 
remeasured. For subjects beginning with the n2 pattern the pro-
cedure was the same except that the verbal commands were to: 
"pull your foot up and out, turn your heel out, and lift your leg 
out towards me." The assignment of 15 seconds for the contraction 
period was based upon the results of a previous study conducted 
at Boston University in which 15 seconds was determined to be more 
effective than a 5 or 10 second contraction when the hold-relax 
technique was applied. 4 
Group II (Midrange) 
For subjects in the midrange group the treatment position 
was determined as the half-way position from the subject's maxi-
0 
mal range of a straight leg raise to the neutral position of 0 of 
hip flexion, (Fig.1). An assistant held up a tape measure to mark 
the midrange position determined for each subject. The instructions 
for Group II subjects for the n1 pattern was to "pull your foot up 
and in, turn your heel away, and lift your leg up and across your 
body until I stop you." The same procedure of two maximal iso-
metric contractions in the n1 and n2 pattern was followed as 
described for Group I subjects. The verbal command. for the n2 
:ern in the midrange position was to "pull your foot up and out, 
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turn your heel out, and lift your leg out towards me until I stop 
you." As in Group I, the subjects were instructed to hold the 
position for 15 seconds. 
Group III (Neutral Position) 
With Group III subjects the hip was maintained in a position 
of 0-5° of a straight leg raise, (Fig. 2). Subjects were instructed 
not to lift their leg as the test extremity was moved into either 
the n1 or D2 pattern. The same procedure of two 15 second con-
tractions per diagonal pattern was followed as described for the 
other two test groups. 
RESULTS 
The mean difference between pre and posttest measurements 
indicated that range of motion increased for all subjects in all 
three groups. Group means and standard deviations are summarized 
in Table 1. An analysis of variance of the mean difference among 
SLR measurements before and ·after one treatment session was per-
formed: at a p < . 05 and p <. 01 1-evel of significance there were 
no significant differences among groups or for subjects within 
groups. The res·ults of the analysis of variance are summarized in 
Table 2. 
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Starting Position for Subjects in Midrange of a Straight Leg Raise 
Figure 1 
-8-
Starting Position for Subjects in Neutral Range of a Straight Leg Raise 
Figure 2 
TABLE 1 
Mean Difference Among SLR Measurements of the Right Lower Extremity 
Group 
I 
(n=lO) 
II 
(n=10) 
III 
(n=lO) 
Before and Afte~ Orie Treatment Session 
Angle SLR 
(Mean Degrees) 
Pre 57.8 
Post 61.4 
Pre 59.1 
Post 63.5 
Pre 58.9 
Post 62.2 
Mean-· Increase 
Posttest · 
3.6° 
4.3° 
3.4° 
Standard 
Devia.tion 
1.99 
2. 77 
3.07 
I 
\0 
I 
TABLE 2 
Summary of the Analysis of Variance Among Mean Differences in SLR for 
Groups I, tr; and III .After .One Treatment Session 
Source 
Among Groups 
Subjects 
within Groups 
Total 
~ for p < .05 
F for p (. .01 
Degrees "Of 
Freedom 
2 
27 
29 
(df 2,27)=5.85 
(df 2,27)=3.49 
Sum .qf . Mean 
Squares Square F-Ratio 
0.81 0.41 
.06a 
189.4 7.01 
190.2 
I 
t-' 
0 
I . 
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DISCUSSION 
The results of this study show that there was no statistically 
significant increase in range of motion of a straight leg raise fol-
lowing the application of the hold-relax technique for subjects in all 
three groups. Factors such as small sample size and skill in appli-
cation of the technique could have influenced the data obtained. In 
addition, since this study involved only one treatment session, greater 
gains might have been possible had the effects of treatment over time 
2 been investigated as was demonstrated by Tanigawa. 
The increase in range of motion for subjects in the Point of Limi-
tation Group, _(Group I), is consistent with findings of previous 
. i 2,3 ~nvest gators. The influence of the Golgi tendon organs (GTOs) in 
autogenetic inhibition following application of the hold-relax tech-
nique at the point of limitation has been suggested as a possible 
reason for hamstring relaxation. 2 Studies have shown that GTOs are 
tension receptors which are very sensitive to motor unit firing in 
5 
actively contracting muscles. Optimal tension is known to be gen-
6 
erated in a muscle when it is contracting in its lengthened range. 
Further evidence that tension is greater when a muscle is lengthened 
can be found in dynamometer studies which measured isometric tension 
7 
in terms of force output. Isometric tension was shown to increase 
as a muscle contracted in its lengthened position. A pilot study 
conducted by this investigator using an isokinetic dynamometer showed 
that tension was greatest in the first ten degrees of straight leg 
lowering where the hamstrings were maximally lengthened. Therefore, 
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since active tension is greater when a muscle contracts in its length-
ened position and GTOs are responsive to active tension, it seems 
reasonable that autogenetic inhibition via the GTOs would be greatest 
when the hamstrings are contracting maximally at the point of limitation. 
The increase in range of motion for subjects treated in the sub-
maximal ranges (Groups n : & III), is more difficult to explain. There 
is evidence to suggest that GTO discharge .occurs at different muscle 
lengths and not just when a muscle is at the ·extreme of its lengthened 
8 
range. Other studies have shown that tendon organ discharge was sensi-
tive to contraction of only a few muscle fibers and not just to extremes 
f 
. · 9 
o muscle overload. The possibility exists, therefore, that hamstting 
relaxation as a result of autogenetic inhibition mediated by the GTOs 
need not be limited to when a muscle is in its fully lengthened range. 
However, if autogenet i c inhibition is greater when a muscle is in its 
lengthened position, why is it that the mean increase in range of motion 
of straight leg raising was approximately the same for all three groups? 
Inhibition from higher centers could be a contributing factor to 
hamstring relaxation. Verbal input has been shown to enhance the per-
10 formance of voluntarily executed efforts. Also, studies of muscle 
relaxation methods by biofeedback training offer evidence that muscle 
relaxation can be voluntarily controlled. 11 If it is true that the quality 
of verbal stimuli plays an important role in the magnitude of a cortically 
elidted 12 and the verbal commands in this study standard-response, were 
ized for all subjects, then this might explain why the results v1ere so 
homogenenous. 
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As a final point, the choice of where in the range the hold-relax 
tecfinique is applied may oe left up to the clinician. However, patients 
who present themselves with severe limitations in range of motion be-
cause of pain may be resistant to techniques that bring the extremity 
. into extremes of joint range. Thus, ways to minimize a patient's dis-
comfort while increasing mobility is an important consideration not 
to be overlooked. 
-14-
CONCLUSION 
The proprioceptive neuromuscular facilitation technique of hold-
relax was applied at three different positions in the range of motion 
of a straight leg raise. Pre and posttest measurements indicated that 
there was an increase in range of motion for all subjects. Statistical 
analysi~, however, showed that the mean increase in range of motion 
for subjects within groups and between groups was not significant. 
These findings suggest that hold-relax may be effectively applied 
at points in a range of movement other than the point of limitation 
to increase muscle length. 
-15-
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APPENDIX A 
Name 
Age 
Group · ___ _ 
DATA COLLECTION SHEET 
Distance (in) 
Greater trochanter to malleolus 
Greater trochanter to floor 
Lateral Malleolus to floor (pre-treatment) 
Lateral Malleolus to floor (post-treatment) 
Calculated range of SLR (pre-treatment) 
Calculated range of SLR (post-treatment) : 
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APPENDIX B 
INFORMED CONSENT 
I agree to volunteer to be in a study conducted by Claire Shapiro, 
a student in the Basic Master's in Physical Therapy Program at Boston 
University, Sargent College of Allied Health Professions. The purpose 
of this study is to have subjects perform 4 maximal isometric con-
tractions of the hamstring muscles of the right lower extremity at 
a pre-determined position. The procedure involves the positioning of 
my body supine on a plinth with a strap to stabilize my lower trunk. 
My right lower extremity will be passively moved to a pre-determined 
position and I will be asked to perform maximal isometric contractions 
of my hamstring muscles while the above named investigator applies 
manual resistance. Prior to and following the procedure, measurements 
of straight leg raising of my right lower extremity will be taken. 
To the best of my knowledge I have no neuromuscular pathology or 
orthopedic disability which would disqualify me from participating 
as a subject in this study. 
The publication of my name as a participant in this study will 
not .be disclosed. If any photographs are taken of me for the pur-
poses of instruction or publication, I reserve the right to withdraw 
my consent for their use. 
I understand that I am free at any time to withdraw my consent 
or to discontinue my participation in this project at any time without 
prejudice to me. 
All questions have been answered completely to my satisfaction. 
Signed ______________________________________ Date. ________________ __ 
Witness Date --------------------------------------~ ·--------------------
-18-
APPENDIX C 
ANNOTATED BIBLIOGRAPHY 
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Ault M: Facilitation technics used to relieve contractures in a rheumatoid 
arthritis patient. Phys Ther Rev 40:657-658, 1960. 
The author presents a case study of an 18 year old male patient with 
rheumatoid arthritis limiting range of motion bilaterally at the 
knees. Six months prior to treatment the patient had been confined 
to a wheelchair because . of progressive knee contractures. The facil-
itation techniques of hold-relax, contract-relax, and slow-reversals 
were applied daily for 22 days. The patient progressed to unassisted 
ambulation and had almost complete active knee extension bilaterally 
following treatment. This case report documents an instance of 
clinical success in increasing range of motion in which the initial 
treatment involved the hold-relax technique. However, multiple 
variables such as frequency of treatment and the use of prolonged ice 
for relaxation during the hold-relax treatment all could have influ-
enced treatment outcome . 
Bartels EM, Jensen P, Sten-Knudsen 0: The dependence of tension re laxa-
tion in skeletal muscle on the number of sarcomeres in series. Acta 
Physiol Scan 97:476-485, 1976. 
This study investigated the tendency of tension relaxation t o be in~ 
fluenced by the number of sarcomeres in series in frog muscles. In 
vi vo prepar ations of the extensor longus digitorum muscle of f r ogs 
were subjected to isometric twitch stimulation and a tension record-
ing device recorded latency relaxation. Latency relaxation was de-
fined as a small transient drop in tension following stimulation of 
a muscle fiber, the onset of which begins about midway in the fall-
ing phase of the actio~ potential. The authors hypothesized that 
the amount of tension relaxation would be dependent upon the degree 
of muscle stretch. Muscle stretch was measured according to sarco-
mere length by a laser beam method. The authors . reported that 
tension relaxation was not correlated with the number of sarcomeres 
in series in skeletal muscle. The theoretical importance of this 
study was the suggestion by the authors that relaxation of muscle 
fibers was independent of the number of sarcomeres but rather in-
fluenced by the lengthening of the muscle fibers. 
Binder MD, Kroin JS, Moore GP, et al: The response of golgi tendon 
organs to single motor unit contractions. J Physiol 271:337-349, 1977. 
~he purpose of this study was to look at the response of tendon 
organ af.ferents to motor unit contractions. The authors isolated 
Ib afferent-motor unit combinations of the soleus muscle of cats 
and subjected them to both twitch and tetanic stimulation at vary-
ing muscle lengths. The authors reported that the firing threshold 
for tendon afferents was less than the force produced by the muscle 
fiber connected to it. Furthermore, the authors noted that tendon 
afferent discharge increased with an increase in the force of 
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muscle contraction at longer muscle lengths. Other factors which 
might influence tendon organ response to motor unit stimulation were 
suggested: e.g., variations in the number of fibers connecting a 
single motor unit to the receptor organ and differences in mechani-
cal advantage of motor unit fibers connected to the receptor organ 
capsule. The significance of this study is the general finding 
that every twitch of every motor unit stimulates the transmission 
of afferent signals to the spinal cord. Furthermore, this study 
would support applying the hold-relax technique in the lengthened 
range (point of limitation) where tendon afferent discharge might 
be greater than at shorter muscle lengths. 
Clark FJ, Burgess PR: Slowly adapting receptors in the cat knee joint: 
Can they signal joint angle? J Physiol 38:1448-1463, 1975. 
The response of slowly adapting mechanoreceptors of the cat knee 
joint at intermediate joint angles was studied. The authors iso-
lated the posterior articular nerve of adult cats and activated the 
slowly adapting receptors in midrange joint positions. The anatom-
ical location of midrange receptors was also determined by dissec-
tion. The authors found that mechanoreceptors in articular tissues 
do not significantly contribute to signalling of joint angle posi-
tion under static conditions. Articular receptor discharge, however, 
was significant during application of mechanical pressure. The 
authors conclude from their findings that muscle spindles rather 
than articular receptors signal static joint position sense. In 
terms of anatomical distribution, most of the midrange receptors 
were localized in the popliteus muscle. This study is limited in 
terms of clinical implications for human joint receptors, partic-
ularly regarding the role of muscle spindles in signalling static 
position sense. 
Eccles RM, Lundberg A: Integrative pattern of Ia synaptic actions on 
motorneurons of hip and knee muscles. J Physiol 144:271-297, 1958. 
The pattern of Ia-excitatory and Ia-inhibitory action on the motor 
neurons of the hip and knee muscles was investigated. The hip and 
knee muscles of adult cats were isolated and subjected to electri-
cal stimulation. The authors found that reciprocal Ia inhibition 
occurred between extensors and flexors, but not between adductors 
and abductors. Ia-excitatory activity was observed to be greatest 
with combined movement of hip flexion and knee extension. Ia-in-
hibitory patterns were activated by the reciprocal movement of hip 
extension and knee flexion. Ia inhibition to hip flexors was also 
noted for knee extension. The authors dis.cuss the functional 
significance of the Ia system with respect to phasic activity, 
particularly of the hip and thigh during locomotion. Although 
this study is dated, important insights into the interaction of 
excitatory and inhibitory action of the Ia afferents were presented. 
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Fujiwara M, Basmajian J: Electromyographic study of two-joint muscles. 
Amer J Phys Med 54:234-242, 1975. 
The purpose of this study was to investigate patterns of electrical 
activity during monoarticular and biarticular movements of the hip 
and knee. Five muscles were monitored: rectus femoris, medial ham-
strings, iliopsoas, vastus medialis, and gluteus maximus. Ten 
normal subjects were positioned supine with the test extremity 
positioned at 90° of hip and knee flexion. Subjects were instruct-
ed to resist forces moving the hip in either monoarticular or bi-
articular patterns. During monoarticular movement hamstring activity 
was greater for knee flexion than hip extension. During biarticular 
movement the hamstrings showed greatest activity during hip exten-
sion with knee flexion and no activity was recorded during hip ex-
tension with knee extension. The authors concluded that when two-
joint muscles participate in monoarticular motion, both sides of 
the joints are affected: e.g., during hip extension the vastus 
medialis was active to stabilize against knee flexion when the ham-
strings were active. Secondly, the rectus femoris and medial ham-
strings were found to inhibit each other during biarticular concur-
rent movement of hip flexion and knee flexion. 
Gardner G: Effect of isometric and isotonic exercise on joint motion. 
Arch Phys Med Rehabil 47:24-30, 1966. 
The purpose of this study was to look at the effects of isometric 
and isotonic exercise on the range of motion of joints. Sixty 
normal male subjects were tested for active range of motion in fore-
arm flexion and knee flexion following a six week isometric and iso-
tonic training program. The isometric program consisted of daily 
isometric contractions with the limbs flexed in a 90° position. 
Each training consisted of two sets of six-second maximal isometric 
contractions. The isotonic program involved heavy resistance exer-
cises at a controlled rate within a limited intermediate range and 
through a full range of motion. The results reported were that no 
significant changes in active range of motion occurred for either 
limb in both programs. Range of motion for both the upper and lower 
limbs were determined photographically. A weakness of this study 
was that all subjects were normally active adults with no limita-
tions in range of motion prior to treatment. The authors suggest 
however, that they would anticipate shortening to occur if subjects 
were subjected to a period of immobilization prior to training. 
The findings that isometric exercise performed at various points 
in the range will not influence joint flexibility is of signifi-
cance to the present hold-relax study. 
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Grigg P: Response of joint afferent neurons in cat medial articular 
nerve to active and passive movements of the knee. Brain Res 118:482-
485, 1976. 
The purpose of this study was to investigate the response of joint 
afferent neurons to active and passive movements of the knee in 
cats. The joint afferents monitored were from the medial articular 
nerve which were selectively isolated for electrical stimulation. 
The authors found that neurons which responded to muscular loading 
tended to have a slow, adapting response to passive movements. 
Neurons not activated by passive movements also did not respond to 
muscle contraction. For those neurons that were responsive to 
active contractions, excitatory action was specific to joint angle. 
No conclusions, however, could be made about joint afferent dis-
charge at intermediate joint angles. 
Houk J, Henneman E: Response of golgi tendon organs to active contrac-
tions of the soleus muscle of the cat. J Neurophys 30:466-481, 1967. 
The response of tendon organs in the soleus muscle of the cat to 
active contraction produced by ventral root stimulation was studied. 
An isometric myograph attached to the tendon of the muscle measured 
the forces developed during contraction. The authors demonstrated 
that tendon organs had a much greater sensitivity to active muscle 
contraction than to passive muscle stretch. The authors conclude 
that tendon organ discharge is a function of the mechanical arrange-
ment of tendon organs in a muscle, the degree of deformation of the 
tendinous fascicles, and differences in the number of fibers per 
motor unit. The significance of this study is that tendon organ 
discharge was demonstrated to be sensitive to contractions of only 
a few muscle fibers and not just to extremes of muscle overload. 
Active muscle forces of varying magnitude therefore stimulates ten-
don organs to continuously transmit information to the spinal cord 
about changes in isometric tension. 
Markos P: Comparison of hold-relax and contract-relax and contralateral 
effects. Unpublished .Master's Thesis, Department of Physical Therapy, 
Boston University Sargent College of Allied Health Professions, 1977. 
The proprioceptive neuromuscular techniques were applied to tight 
hamstrings to determine their effectiveness in increasing range of 
motion in a straight leg raise ipsilaterally and contralaterally. 
In addition, contralateral muscle activity was monitored. Thirty 
normal women were randomly assigned into a contract-relax (C-R), 
hold-relax (H-R), and control group. The H-R and C-R group had the 
technique applied to the right lower extremity at the subject's 
point of limitation of an active straight leg raise. The control 
group differed from the treatment groups in that no manual resist-
ance was applied: gravity alone supplied the resistance to the 
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antagonist pattern. All subjects were tested once and pre and post 
measurements of an active straight leg raise were taken immediately 
before and after testing. The C-R group had a greater increase in 
range of motion of the right lower extremity than both the H-R and 
control group at a p .01 level of significance. At a p(.05 level 
of significance, the H-R group increase in range of motion of the 
right lower extremity was significant. Except for one subject in 
the H-R group, electrical activity was present in the left lower 
extremity during testing. The evidence from this study confirms 
previous findings by Tanigawa that hold-relax is an effective tech-
nique for increasing range of motion in tight hamstrings. Further-
more, this study served as a basis for the present study of hold-
relax at different hip angles. 
Medeiros JM, Smidt GL, Burmeister LF, et al: The influence of isometric 
exercise and passive stretch on hip joint motion. Phys Ther 57:519-523, 
1977. 
The purpose of this study was to compare the effects of isometric 
exercise and passive stretch to improve hip joint range of motion. 
Thirty normal males were randomly assigned to an isometric exercise, 
passive stretch and control group. A mean threshold force for the 
two treatment groups was determined on a force table prior to test-
ing. Twenty isometric hip extension contractions were performed by 
the subjects in a left sidelying position on each of the eight treat-
ment days. Each isometric contraction was maintained for 6 seconds 
followed by 15 seconds of relaxation. At a .01 level of significance 
both the isometric contraction group and passive stretch group had 
a significant increase in passive hip flexion with knee extension. 
Although the results of this study appear to contradict earlier find-
ings of Tanigawa, the difference in testing positions and the use 
of diagonal patterns may have contributed to the variability in re-
sults. A shortcoming of this study is that the hip angle at which 
the isometric exercise group was tested at was not mentioned. Of 
relevance to the present hold-relax study is the finding that iso-
metric contractions of hip extension did significantly improve range 
of motion of the hip. 
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The purpose of this study was to investigate the responsiveness of 
joint afferents to muscle stretch, vibration, and contraction. Bi-
polar recordings were made in cats of the gross activity of the 
elbow joint nerve, a branch of the musculocutaneous nerve. The 
limb was passively moved through its range of motion. At a mid-
range position fifty percent of the fibers displayed activity. At 
